The Atrial Fibrillation Ablation Pilot Study is a prospective registry designed to describe the clinical epidemiology of patients undergoing an atrial fibrillation (AFib) ablation, and the diagnostic/therapeutic processes applied across Europe. The aims of the 1-year follow-up were to analyse how centres assess in routine clinical practice the success of the procedure and to evaluate the success rate and long-term safety/complications.
Introduction
Atrial fibrillation (AFib) is the most common cardiac arrhythmia that is associated with a reduced quality of life and an increased number of adverse outcomes such as stroke, heart failure, increased number of hospitalizations, and mortality. 1 -3 During the past decade, catheter ablation of AFib has become a common procedure at most major medical centres worldwide. However, there is significant variability in the ablation strategies and the reported mid-and long-term success. 4 -9 The European AFib Ablation Pilot registry conducted by the European Heart Rhythm Association (EHRA) of the European Society of Cardiology (ESC) was designed to describe the clinical epidemiology of patients undergoing an AFib ablation procedure, the diagnostic/ therapeutic processes (including technical aspects, ways to measure the success of the procedure) and the acute and mid-term outcomes, and complications of the procedure across Europe. 10, 11 The results of the in-hospital phase of the AFib Ablation Pilot were recently published. 10 We present the results of the 1-year follow-up analysis. The main objectives of the follow-up phase were to assess (i) how the participating centres evaluate, in routine clinical practice, the success of the procedure during the follow-up, (ii) the rate of success of AFib ablation procedures in routine clinical practice, and (iii) the long-term safety/complications of the procedure.
Methods

Study design
The AFib Ablation Pilot Study is a prospective, multicentre, observational registry of consecutive patients undergoing a first AFib ablation procedure in 72 Cardiology Centres of 10 European countries, selected to represent the different regions of the European continent. † Four Western European countries: Belgium, France, Germany, and the Netherlands. † Two Eastern European countries: Czech Republic, and Poland. † Three Southern European countries: Greece, Italy, and Spain. † One Northern European country: Denmark.
The National Cardiology Societies of each country agreed to participate in the registry, contributing in the selection of centres and updating the investigators and the ESC with the ethical and legal requirements. The number of centres in each country varied according to its size and the number of centres available. Site selection targeted hospitals with a medium-to-high expertise (performing ≥50 AFib ablation procedures/ year). The National Coordinator was responsible for contacting the investigators and the implementation of the protocol in their country, ensuring performance of the enrolling centres and quality of national data. Centres accepted on a voluntary basis through National Coordinators, and the survey was approved by the national and/or local Institutional Review Board, according to the regulations of each participating country. Participating centres were asked to enrol, between October 2010 and May 2011, 20 consecutive patients undergoing a first AFib ablation procedure and follow them up for 1 year. There were no exclusion criteria. Data were collected after detailed information was given to the patient and a signed informed consent was obtained.
The EURObservational Research Programme (EORP) Department of the ESC operationally coordinated the project, provided support to the Committees, National Coordinators, and participating centres and guaranteed the methodological concepts of the survey. The database was set up at the European Heart House of the ESC (France), according to the requirements defined by the Executive Committee with the support of the EORP Department. Statistical analyses of the database were performed by the EORP team.
This study was intended as Pilot because it also aimed to validate Protocol, case report form (CRF), and organizational structure of the study in the perspective of a larger European long-term study on the same matter, including centres with any level of procedure volume. end of the 3-month blanking period to 12 months following the ablation procedure.
Arrhythmia recurrence is defined as an electrocardiographically documented episode of AFib or atrial flutter lasting at least 30s, after a 3-month blanking period.
Early recurrence is defined as a recurrence of any atrial arrhythmia, within 3 months from ablation.
Cavo-tricuspid isthmus-dependent flutter was excluded from all definitions.
A blanking period of 3 months was employed after ablation. Recurrences within the first 3 months were not classified as failure of the procedure.
Statistical analysis
A univariate analysis was done for both the continuous and categorical variables. Continuous variables are reported as means + standard deviation or as median and inter-quartile range (IQR). Between-group comparisons were made using a non-parametric test (Kruskal -Wallis test). Categorical variables are reported as percentages. Between-group comparisons were made using a Chi-square test or Fisher's exact test if any expected cells count was ,5.
A multivariate analysis was used to explore relationship between 12-month arrhythmia-free-survival and baseline covariates for the follow-up population. All the baseline covariates were compared between the two-groups (success and recurrence patients at 12-month follow-up using the Chi-squared or Kruskal -Wallis test for categorical or continuous variables, respectively), and only the significant variables were included in the multiple logistic model. The multiple logistic regression was done using a multiple imputation procedure to correct for the presence of missing data.
The Kaplan-Meier estimator, the product limit estimator, was used for estimating and plotting the survival functions.
A P-value of ,0.05 was considered statistically significant. All tests were two-sided. Analyses were performed with the SAS system software (SAS Institute, Inc., Cary, NC, USA). The multiple logistic regression procedure was performed using the programme R (R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL 'http://www.R-project.org/') and the package Hmisc (Hmisc: Harrell Miscellaneous; R package version 3.9-0, http://CRAN.R-project. org/package=Hmisc).
Results
The detailed information on the demographic and baseline clinical characteristics as well as the diagnostic interventions and ablation procedure data of the AFib Ablation Pilot registry population have already been published elsewhere. 10 Participating centres and total cohort Seventy-two centres across Europe included a total of 1410 patients. The hospital reference area included a median number of inhabitants of 500 000 (IQR: 200 000-1 500 000) with a median annual number of AFib catheter ablation procedures of 179 (IQR: 80-346). The median annual number of AFib catheter ablation procedures was different across the regions which participated to the study (p 0.0128): Western European countries 250 (IQR: 104-400), Eastern European countries 91 (IQR: 60-346), Southern European countries 90 (IQR: 55-179), Northern European country 235 (IQR: 160-485).
In 19 patients, the ablation was not done (1.3%) due to an intracardiac thrombus (7 patients), tamponade during transeptal puncture (7 patients), non-procedural complications (4 patients), and a cerebrovascular event (1 patient). During the in-hospital phase, there was 1 death out of 1391 AFib ablation procedures (0.07%).
Of the 1390 patients that completed the in-hospital phase of the registry, 1300 patients (93.5%) underwent a follow-up control 1 year after the procedure. Figure 1 shows the number and distribution of centres and patients at the in-hospital and 12-month follow-up phases.
There were no significant differences in the baseline and AFib characteristics between the group of patients that completed the 12-month evaluation and the ones lost to follow-up (Supplementary 
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The Atrial Fibrillation Ablation Pilot Study material online, Annex S1). With regard to the ablation procedure, the only difference found was the ablation of the left atrial roof and the cavo-tricuspid isthmus (P , 0.005) (Supplementary material online, Annex SI). However, the significant differences observed for these two parameters could be explained by the center effect (two centres did not perform any follow-up for the enrolled patients, due to centre closure and lack of resources, respectively).
Follow-up status
As defined by the protocol, a follow-up evaluation was done 12 months after the index procedure (median 368 days, IQR: 358-385 days), by an in-person clinical evaluation in 57.6% and telephonic contact in 41.4%. In-person clinical follow-up was more frequent in Southern and Eastern European countries (P , 0.0001). Table 1 summarizes the 12-month follow-up information and the differences across European regions.
Clinical symptoms during follow-up
Over half of the population became asymptomatic after the ablation procedure (54.7%). The most commonly reported symptoms were palpitations (34.3%), fatigue (12.6%), and exertion dyspnoea (12.9%). Palpitations were more frequent in paroxysmal AFib (36.4 vs. 30%, P ¼ 0.025) while dyspnoea was more frequent in nonparoxysmal AFib (15.9 vs. 11.3%, P ¼ 0.023). A higher prevalence of fatigue in non-paroxysmal (15.1 vs. 11.4%) was observed even if the difference did not reach the conventional level of statistical significance (P ¼ 0.065). Other reported symptoms included weakness (6.3%), chest pain (4.8%), dizziness/presyncope (3.2%), and syncope (0.6%). Table 1) .
Diagnostic procedures at follow-up
Other cardiovascular tests included: transthoracic echocardiogram (29.9%), transoesophageal echocardiogram (9.5%), cardiac CT (3.1%), cardiac MRI (2.8%), chest X-ray (5.5%), coronary angiography (1.5%), electrophysiological study (2.7%), and a myocardial scintigraphy (0.6%).
Clinical evaluations and re-admissions
During the period between discharge after the procedure and the 12-month evaluation, 78.4% of patients had a median of 2 (IQR: 2-3) cardiology visits, and 13.2% of patients had a median of 1 (IQR: 1-2) of visits to the emergency room.
Thirty per cent of patients were re-admitted after the procedure: 21.2% due to post-ablation atrial arrhythmias, 4.6% due to other cardiovascular events and 4.6% due to non-cardiovascular events.
Treatment at follow-up
The type of pharmacological treatment at the 1-year follow-up visit compared with the discharge status is shown in Figure 2 .
Overall, 64.7% of patients were under some kind of anticoagulant treatment, showing a relationship to the cardioembolic risk: 48% of patients with a CHADS 2 Treatment with oral anticoagulation was more frequent in patients with non-paroxysmal AFib (88.9 vs. 76.9%, P , 0.001).
Forty-nine per cent of patients were under antiarrhythmic treatment at the 12-month evaluation. Patients that had undergone catheter ablation for paroxysmal AFib were also more likely to be off drugs (55%) when compared with non-paroxysmal AFib (46.4%) (P ¼ 0.004). Also, patients referring symptoms during the follow-up were more likely to be under antiarrhythmic treatment (54.8 vs. 41.5%, P , 0.0001).
Regional differences in anticoagulant and antiarrhythmic treatment are summarized in Table 1 .
Outcome of atrial fibrillation ablation
Complete data for the assessment of the one-year success were available in 1281 patients.
Globally, at least one episode of atrial arrhythmias (AFib or flutter) was documented in 459 of patients (35.8%) for the duration of the 12 months after the index procedure. Patients with nonparoxysmal AFib showed a higher probability of arrhythmia recurrence (43.6 vs. 32.0% in paroxysmal AFib, P , 0.0001). During the blanking period, 194 patients (15.1%) suffered at least one episode of documented atrial arrhythmia. Two of these patients died within the first 3 months after the procedure (see 'Complications' The Atrial Fibrillation Ablation Pilot Study section). On the other hand, 334 (26.1%) had at least one documented recurrence after the 3-month blanking window, 69 of which (20.7%) had also had a recurrence during the blanking period. Asymptomatic recurrences occurred in 25.8% of patients ( Figure 3) .
The procedure was considered successful in 944 patients (73.7%) (i.e. no arrhythmia documentation after the 3-month blanking period and no death). Success without antiarrhythmic drugs was achieved in only 522 patients (40.7%); however, this number should be considered carefully as the protocol did not require the discontinuation of the treatment after the blanking period [332 patients (26.1%) continued on antiarrhythmic drugs despite no documentation of recurrence]. To achieve the reported success rate, 18.3% of patients required a second ablation procedure (percutaneous catheter ablation in 85.0%, surgical in 4.3%, and other cardiac procedures in 10.7%) and 43.4% were still under antiarrhythmic treatment at the 12-month evaluation. There was no statistical difference in the reported success rate across European regions (P ¼ 0.1014).
Success rates were significantly lower in patients with long-lasting AFib than in patients with paroxysmal AFib ( Table 2 ). Figure 4 shows the arrhythmia-free-survival curve by type of AFib. A third of patients (34.4%) in whom the ablation was considered successful, still reported having symptoms, mainly in the form of palpitations, dyspnoea, and fatigue.
The likelihood of success was not influenced by the number of annual AFib ablation procedures per centre (P . 0.999.). In contrast, body mass index, type of AFib, absence of underlying disorder (i.e. lone AF), and LA atrial diameter were significantly associated with the success (Table 3) . With regard to procedure-related characteristics, the type of ablation energy and the attempt and/or achievement of pulmonary vein (PV) isolation were not associated with the 12-month success of the procedure ( Table 4) . On the contrary, the ablation of fractionated electrograms in the left and right atrium, and the slowing of activation during ablation of fractionated sites were significantly related to the probability of success. Left atrial roof linear ablation and mitral isthmus line and the ablation of ganglionated plexi were of borderline statistical significance (Table 4) . Finally, arrhythmia recurrences during the blanking period were also inversely associated with the 1-year success (P ¼ 0.0004).
When including the significant variables of the univariate analysis into a multivariate model, the only predictor of failure 12 months after the procedure was having at least one arrhythmic recurrence during the blanking period [OR: 3.01 (2.18-4.16), P , 0.0001].
Complications during follow-up Table 5 summarizes the incidence of complications in relation to AFib ablation. Excluding post-ablation atrial flutter/tachycardia, 32 patients (2.5%) suffered an adverse event during the follow-up: 13 pacemaker implantations, 9 vascular injuries (6 arterial-venous fistulae and 3 pseudoaneurysms), 7 cerebrovascular events, 2 phrenic nerve injuries (one with cryo-balloon ablation and the other with open-irrigation radiofrequency), and 1 significant PV stenosis (≥75%) requiring intervention. Additionally, 272 patients experienced atrial flutter/tachycardia, providing an adverse event rate during the first year after an AFib ablation of 22.5%. No significant differences were found when analysing the complication rate by number of annual procedures per centre (P . 0.999 n.s.). In addition to 1 death during the in-hospital phase, 4 deaths occurred during the 1-year follow-up period: 2 during the blanking period and 2 after the first 3-month window. The cause of death was vascular in two patients. The first was due to a haemorrhagic stroke 3 days after discharge in a woman that had undergone catheter ablation for paroxysmal AF with bridging (two doses of enoxaparin 1 mg/kg) from intraprocedural unfractionated heparin to acenocumarol during admission with a normal INR (2.1) upon re-admission. The second vascular death was secondary to an out-of-hospital ventricular fibrillation probably due to an acute coronary syndrome in a man with prior history of coronary artery disease (surgical revascularization 30 years earlier) that had undergone an ablation for persistent AFib 10 months earlier. There was one non-vascular death secondary to metastatic pancreatic cancer 8 months after paroxysmal AFib ablation. Finally, in one patient the cause of death remained unknown (1 out-of-hospital sudden death 38 days after persistent AFib ablation with no autopsy).
Discussion
The EORP of the ESC started in August 2009 with the aim to provide a better understanding of cardiology practiced in Europe. The Atrial Fibrillation Ablation Pilot Study is the first, systematic, prospective international study specifically designed for collecting information reflecting the current clinical practice in patients undergoing an AFib catheter ablation. Importantly, according to the observational nature of the study, no recommendation was done in terms of drug therapy, arrhythmia documentation methods, etc. Thus, the information obtained by the registry reflects the everyday practice across Europe.
Registries are an important source of information on how the evidence acquired through controlled trials, usually on highly selected patients managed according to detailed protocols, are adopted in clinical practice. The consecutiveness of patients warrants the representativeness of the population and allows reflecting the actual clinical practice. Barely 6.5% of patients were lost to follow-up, ensuring the quality of the information retrieved during the 12 months after the procedure. To guarantee a clear presentation of our observational research and its results, we have followed the STROBE recommendations. 12 
Follow-up evaluation
This survey provides intriguing information on how patients are being followed up and how arrhythmia recurrences are sought. Despite the recommendations of 2012 HRS/EHRA/ECAS expert consensus statement on catheter and surgical ablation of AFib 13 over a third of the 12-month follow-up evaluations were done by telephonic contact. For arrhythmia-recurrence monitoring, 77% of patients had a periodical electrocardiogram and only 57.4% of the population underwent repeated long-duration (≥24 h) electrocardiographic monitoring. This is clearly another gap between 2012 HRS/EHRA/ ECAS expert consensus 13 and the actual clinical practice that should be considered in the future. Of note, non-compliance with the current recommendations appeared to be higher in Northern and Western European countries with lower rates of electrocardiogram or long-duration ECG monitoring. Over half of the population became asymptomatic after the ablation procedure (symptoms were present in 90% of patients at baseline). Of note is that 26% of recurrences were asymptomatic. In contrast, patients with no documented recurrence reported symptoms in a third of cases. It is impossible to confirm whether these were related or not to post-ablation arrhythmias. Moreover, the low rates of long-duration ECG monitoring suggest that arrhythmias could occur in a relevant proportion of both symptomatic and asymptomatic patients. 14, 15 One year after the procedure, 65% of patients were taking anticoagulants. Surprisingly, about half of the population with a low cardioembolic risk (CHASD 2 -Vasc 0) where still anticoagulated 1 year after the procedure. Conversely, up to 25% of patients with high-cardioembolic risk (CHASD 2 -Vasc .1) were not taking any anticoagulant drug. These figures document how difficult it is to implement simple guidelines in everyday clinical practice, even in expert centres performing catheter ablation of AFib. . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... 
Outcomes of atrial fibrillation ablation
In this relatively large sample of patients undergoing a first AFib ablation in centres with medium-to-high expertise, catheter ablation was able to maintain sinus rhythm in 40.7% in the absence of any antiarrhythmic drug, and in an additional 31.1% with the use of antiarrhythmic treatment formerly reported as ineffective. These results required a repeat ablation procedure in almost a fifth of the population. This success rate without antiarrhythmic drugs appears lower than the previously reported. 16 -18 As expected, patients with non-paroxysmal AFib had more AFib recurrences, confirming results from other clinical trials. The Atrial Fibrillation Ablation Pilot Study Furthermore, this AFib Ablation registry corroborates that the factors impacting procedural success are the type of AFib and the diameter of the left atrium. However, the impact of these variables as predictors of success is minimized by the occurrence of atrial arrhythmias during the blanking period. This survey, in line with some previously published data, 23 -26 suggests that the occurrence of arrhythmias within the first 3 months after the procedure may be a relevant predictor of the likelihood of 1-year success. However, these data should be interpreted with caution, as the type of follow-up and arrhythmia documentation varied widely among centres. Also, this finding should not prompt early reablation as 63% of patients with early recurrence did not have any further arrhythmias, as it has also been observed by other authors.
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Complications of atrial fibrillation ablation
A total of five deaths were reported, three of which occurred perioperatively (one during the in-hospital phase due to infective endocarditis in a pacemaker patient 10 and two within the first 2 months after the ablation due to a haemorrhagic stroke and of unknown origin). This represents a 0.18% death rate per AFib ablation procedure (3 in 1629 ablations). The other two deaths were delayed and not procedure related. Importantly, in this real-world population, complication rates were similar to the rates as observed in other multicentre surveys 28, 29 but slightly higher than single-centre experiences. 16,17,30 -35 The incidence of complications during the year after the index AFib ablation procedure was low (2.5% of which, 0.8% were major), a third which (37.5%) were related to the AFib ablation procedure (one significant PV stenosis, two phrenic nerve injuries, and nine vascular injuries following a second procedure). However, the peri-operative complication rate is not negligible (7.7% of which, 1.7% was major) and must be weighed against the potential benefits when considering AFib ablation in patients with mild symptoms. Furthermore, if we include post-ablation atrial tachycardia/flutter as a complication of the procedure, the adverse event rate at 12 months raises to 26.5%.
Limitations
There are several limitations to this study that should be taken into account. This registry was based on voluntary participation of centres. The centres were selected proportionately to the size of the population of the participating countries in order to favour representativeness of the cohort. However, not all contacted centres finally contributed to the registry in its Pilot phase. All the same, the high rate of response (73% of the contacted centres) minimizes the risk of an inclusion bias, and offers a good picture of the real situation of AFib ablation across Europe. On the other hand, it has to be emphasized that only medium to high expertise centres were approached and selected. Therefore, it is likely that everyday practice could be even worse. Consecutiveness of enrolment was reinforced and a local audit was performed in 20 randomly selected centres to confirm the correctness of data (which was verified in over 95% of cases, with no significant differences between the participating countries). In addition, the EORP Department of the ESC monitored the study data closely and all data underwent extensive automatic edit and plausibility checks to detect inaccuracies and inconsistencies. Ninety-one patients were lost to follow-up (6.5%). Being a prospective observational study, this could introduce a selection bias. However, there were no major clinical differences between patients lost to follow-up and the ones reported (Supplementary material online, Annex SI) and a particular effort was done by the investigators to exclude the occurrence of major adverse events (particularly, death). Also, the follow-up period to test the efficacy is relatively short and does not assess long-term results of the procedure, which has recently been shown to decrease considerably overtime. 7 -9,36,37 Finally, no recommendation was made with regard to post-ablation arrhythmia monitoring. The variability in the monitoring methodology may limit the interpretation of recurrence data as asymptomatic episodes of arrhythmia may have been overlooked. 38 
Clinical implications
The AFib Ablation Pilot represents a reasonably large sample reflecting the current practice in the use of catheter ablation in the management of patients with AFib in Europe. Moreover, it offers a very detailed profile of the AFib ablation population, analysing demographic characteristics, cardiovascular risk factors as well as the clinical history of the patient, and evaluating how these factors influence outcomes in a real-world setting. These data may prove useful when designing management strategies within the different European countries. The results demonstrate the degree to which physicians implement the results of clinical trials and guideline recommendations. Also, it raises relevant clinical questions, such as the optimal post-ablation monitoring or the need of anticoagulant treatment, which should be addressed in future strategic programmes.
